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(54)Title: METHOD AND APPARATUS FOR TREATMENT OF GAS BY HYDROTHERMAL ELECTROLYSIS 



(57) Abstract 

A method for treating a gas containing a reducing 
substance, characterized as comprising introducing a gas 
containing a reducing substance to a reactor filled with an 
aqueous medium containing a halide ion at a temperature 
which is 100 °C or higher and not higher than the critical 
temperature of the aqueous medium and under a pressure 
whereunder the aqueous medium keeps a liquid state, while 
passing a direct current through the reactor. The method can be 
used for providing a method and an apparatus for treating a gas 
containing a reducing substance to thereby decompose and/or 
remove the reducing substance. 




1...GAS TO BE TREATED 

2... AIR OR THE LIKE AS OXIDIZING AGENT 
3 . . . TREATED GAS 
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m m m 

5 mi^m 

{\:m^^ym\z^m't^i3mwmm.\zmr^, 

15 mm^m 

t^e*, mit^mn^^t^^mt. %mmm{c. m'^m^m. 

^:Lt\z^r^x. m^^i^^^mmi^T.. mm'BLXsmzm\t'^m-^^^-:f5^x^y) . 

^^^mr^^Ltifix^^o hti^h. :i(Dm.mm.mn.\\:'&x\t. n.w\zm7t'^m 
K/(>^^<#^nTVi^^^, ^m\z^y)mmmnuxm^mmmm^r^m.^ 

it^m {7>^=.7. 7^>m^) ^^^^nx^^^tmmm<Dmnnox:^x-^^ 
25 4j5)c$n^. ^rzmn^^'?-p^\zttsm7zi±i^n^mmz^^nx\^^^iM'^\z\t 

^nTVi^«-&> mmmx/\u^>m^^^t^o -B;\nyymf)^^^t^t. 
mm\t^$!,\z^&m-^n^mmii^$>^. :i(D/\utf>m^:k^\z. u^ib-grti. 
it^m^ y^)ti^(Di^7.h^^f)mmmn.W'^\z^^nx^^^m'^. m^<mm 
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mm\z^'Dxu. m.mmtxm-t^^t-i)^^'^\zmtm^^t^^^o 
^^m^mm%. ^^m(Dmii\z'^7L^mn^m^m^m\:m^\zWLm\m^ 

m7t\kmwnm^n^\zm\^tzmm^-^vf^^^M'^\zu^ ^m^ji^timn-^ 
n-r, %wo:>mmfiv\m\zm-^u\^m'^i)^^^o •^ib\z. %w\z7]^^. ^t^vis. 
15 Et^^^nxu^tmm^titimh<{^y^^^tifih^o ^ ^.i^sissomtc 

#n b ^) ^ uu:i.^v>(Di^ou^m^%w\z^'^nx\^^m'^. ^^mm\:\t 
25 %M%w^\z^-^nx\^^^'Z^m'&.ifih^o ^rzy'jtDv&nv^-^^^rz^^mEJtsx 
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10 R]!^stm^^mR}t^t^mm\znoz.t\z^':>x (7\<.mn.%mm]t^) . 7K^;y 

^^ilcb^Bffit, it^i^ffill<£tTofc (ai^>!NFfftilI?IPCT/ J P 9 8/0 3 5 

4 4^ : ffll^i:^MW0 9 9/0 7 6 4 . SP^ttlMP C T/ J P 9 8/0 3 

5 4 4^(D±x(Dl^7^^t:^mmm\zm^■^n^o *^0j#e.«> 

15 ^> z.(D7^mn%^mRjt^:^m^. m7t\im^^ts%i^(Dmm\zmmbx. ^ 

rzKm^^\zii\^^x. 1 0 or:&.±x7Kmw(Dm^u^uyou^\z^v^x. m 
20 R}t^^^\zm^ni^^Wi^-t^^t^'^mtt^> 7^mn.n.m%\z^-DX. myt 

^mn^tti%itt^U'^-^'&x. pm<DmuM!£yx^%';&MR!t^^nt>ii. 
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cDj^fS (1.) , (2) , (3) ■^mn-r^tSst)ri^o 

2X- -* + 2e- (1) 

) 

HgO -> 2H^ + 1/2 O2 t + 2 e- (2) 
mm + H2O -> COzt + + e- (3) 

m^\t. xi)mmmi'(Dm'^\zJit. mm:^7.^^±j$.'t^c ^ (2) nt, mm 
$n^c ^ (1) (DRjt^t^ (2) 0.^/t;;<hM-&b, 'f5in(^Rj&:om?ijfiiitf 

±(Dttti.a\z},t. (1) ©SJ^:;0^*fS^6^(C3iff1"^. 
X2 + H2O ^ HX + HXO (4) 

+ HXO C02t + H2O HX (5) 

(^■f, X«, ±i2©ic*SWr^o ) 
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2NH3 + 3HX0 ^ Ngt + 3HX + 3H2O (6) 

m-^^mtmti'X^\zjpMLB^^tBt>ri^o 
m\z<^\zm-^i'X\^^^tw.t>ti^o 

X^i^itbx)\uy>^^t>t/\uy>it<^-i:i->^±^t^o 
3X0- -> 2X- + XO^- (7) 

:kmj\u^ymif)mm(DjSim\zmmm\z^y)^mLrcm'^\zit. ^ 
15 ' (7) (DKmm^^m'^ii^^^tB^n^. mm(D)B.mx\t. mmKJt^iz^K). 

m^lZAUyym^^y^n^^tiJ^Xt^ (F. A. Zlyh>. G. '^^Jl'^^ 
>V>. p. L. ;y'^7., r^ji^sm^b^J ^mm. 199l¥. ^2)15, 3 

20 7 9M) o ^vx. /\\?yymm^x\ ^^.tifMtmx^^. 

it: (2) T'^i?^^^^^^^^!^-^:^. m^:yx;5^^^Ts« mmtmm 

mimtLx<Dmm^M<^ m5z'^<^n^9mmzmi\:t^^ 
tii^xt^o ^tz. mm^^*^±i&\^rcm^x$>'oxh. 7mMitKj!^^\zj^K). 

STttttiK^^'wtitiT^^^^iitt. mm\z^^mitRmitTB^\z^-oxm 

Wtiti + O2 -> COzT + H2O (8) 
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2NH3 Nat + eH-' + 6e- (9) 
2H2O + 2e- ^ Hzt + 20H- (10) 

10 :Lz.xRjt^^^w^^mt'r^:it\z<i:^x. \.^t>^^t!'j-}^m'kti^'^mt 
Hid. m\:m^n^mxm.7t-^n^Ki^^^Wfr't^m'^ti^h^tm.t>ti^, ^z. 

15 (12). (13) \Zm-to 

HXO + e- ^ X- + OH- (11) 

^. 

20 1/2 02(aq) + HjO + 2 6" ^ 20H- (12) 

02(aq) + H2O + e- - + OH" (13) 

iigiijc::fet/^T, mwi.nt^'^Tt^n^'^ d i) , (12), (is) os^&^i. 
it: (10) (D7K^^%^-r^s^£^i^Dt-§. 
25 *^Bj^(^^ii^(-J;^^, 7mn.%'/fMx\t. 7K^^^^-r^Kj&ck«9. m 
^ij?&^*3i7t$n^^ (ii),^(i2),^:(i3) moRm^. mm'^\zm=i 

mi^7.f)^Kiic^^n\z^n\zumt^mt''^ifi'^<fi-v). m%(oi^m'^'&.w.-r^o 
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Wlit). h U □ axis' >> h^) ^ oux^uy. !;nu^)VM,. #a7P>^ 
10 W^ti^o 

-interns ym^^xmn.^^M'^nxi^^^t^xibn^o 

if%mz^\^x. mUMW\z\t;\u^y\\:m^-tyf)^'^'^n^^tiim^\^ 

25 i)'^-h^^)\u^*y\m^-tytLx\t. mtm^^y (ci\ ^\m^^y 

(Br-) . a^itm^-ty (!■) s xfi. :in^)(Z)ttitom^-&tDit/{>^^tf ^. 

f ^1^/0^* 7K««^*tc^^|LT v^T feck v^o ^/c. mi\:7m (HCi) , ^<b7K^ 
(HBr) , 3^it7m (HI) ^©^75?7K^^H^*nTViTt)c};V^„ 
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v^o mt7\^m (Hc 1) , ^it7m (hb r) > aoitTi^m (hd m 

hUX (X^l/^v'TS^) nA';i/h (III) :®'fbtl. bUT. (2, 2' - h* 
tfUS^» ^ (I I) ^{btl^Oiiil^^^^f ^jtx^o Sfc, ^mUtLTit. ^ 
-f b T h ^ X 5^ ; 1/ 7 > ^ - ^ (7) A D y > -f b X h ^ 7 ; 1/ ; 1/ 7 > ^ A T $> o 
TfeJ:V^, HfC, 7S.>mt/\a^>it7\^mt<DmQm. m^lif. 7:^U>-:^ 

u ^ □ o 1/ >^ «A D y >«/&^'^ * nx ^ ^ . 

7mWi^^> 0. 0 5 5 U^:;i//U h;i'UI±c75/NDy>'fbtl-<^>'£^W-r^ 
20 tti^M\zfi^if^L\^K 

m^n.W'^^z^i^n^mM^m^^^^t-^^xt. ^^^r^m^^^ziii^^xui^^ 
t^ibmitm^mu-r^z.t\z^K). 7m(D^^^w\L. m^^ou^i^T^om 
25 lizfimn^n^o z^^'^umxmu^^mu-r^z.toxt^mimtLx 
\t. m^^>^. -t^jyi^T.. M<b7K^. '^w\ufymm^\^<^ m.mi^7^ 
yi^Hfc^ifSbVi. mni^7.t\^x\t. mn-»7.^^^'^^%w^m^^xh^<. 
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0 i'i\:^^m^m(Dm'^\z\ts mitm^r^xn^mz^^^'ii:^'^^^-^^^^). 

^r)^v^m'^\z\t. >£^^^A±(Dmtm^uu!£-r^rz>sb\z. ^Mt^ji^jv^^-mn 

^Tc. mmMMtr^^n.wti^m^r$)^m'^\zii^^x. 7\<.mw\z7)V:^v^m 

10 m7t^mmm^mz7iimm%6^mx^mmm^n^o mzmm)^^ttji^^w 
i^m&^^x^^m-^^zii^^xit. 7^mi^\zm^miint^^t\z^r)m7t\^mn^ 
immz^ Ktm-^"^^ zt-f)^xt. m7titM^^n^&diZ7mMn.^Mx^m 

it^, :y(sh') y\^y^m(Dumxmi^mmz$>^m7t^mm^ 
n.w\zmmu-^'^^t. n.mz^ib-fy^Cib'^i^nx\^^u< th:if^yjmx'M7t^ 
m^mmx^^o ^n\z^K). ^^Bn\z%^i3m^mmvx. m7t,-\^^n^t 

20 X. 7mR!t^^w^x%i$^tmt^ij^m'^mw^iimr^^^j:-^-^)v^'-^ 

mxmm-r^^ o t), jitio^oti^^xm.TL^^i^n^-'M.^w^^z^^-^'&tc 

25 ^t^Ei!)mizm^iibn^o t^i^. ^^^mmu^. ^^\zn.mz^^x^u\,^ 
S7ctttiKoJs^ic«. %m\z^^-^^^(D\zm^t^:ii^-)\^^-^wt^rzi^\z. 

:^^m(Dmr.(Dmmx\-i. :i(D7mMn.^M\z^hn.i^0mmum^Fim\zn 
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sf&ggi o<D\nm\z\t. nn.^M^t^rc<!b(D--n(Dmm^$9:n'^rix\^^^o 
mt^ztii^x^^o mpi\f. mi\z7jkt^'D\z. ^wi 2±w^^^mmx$>'o 

TfcckV^, JK^tJ^ttt. 2(D\H^1 2 s(Dmt:^m±t^:iti)^X^^c 

2 tmm\Z^®^B\'!rrzm'^\Z\t. 7KmK^^<Dm^§i. iSlEETT«, 
1 2 CDI^M 1 2 s t!)^ /\nyyitm^:t>. mX\f. Mitm^ :t>\Z^K}m'k^ 
25 ^n^^tKtSi^o 

TzTzb. 1 2 CDI^H 1 2 s e)?;^?)^^®"^^^^^!, 
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wt. mM2 2(D^'b^i!)^^i^i 2(Dmmi 2(D'^>bntmnmz--^-r^z,t 

^r^^tmi-^i^^^o m^\f> nm't(Dh(Di)^^nib(Dmmxm}^-^rix\^^x 
t)cfci^o $>^^^\t. mm<DmM(D^m^^nib(Dmx^m-^nx\^^xhj^^K 

JillfflVi^n^. -^^-hLT^, m^\t. a^--r'Jv'^A, ;V-r:::'^A-«i, 
20 %4?i^7{>^l^V^. i^m^^m(DnmtLX\t. 1^\Z. nyV^OK. ;1^x-'^A, 

ito?t««i2 4(Z)jem^ 2 es-iiJ^M^ 2 7 ^i. ^n^'n> ^028, 2 
9^/^LT, |1®2 2Rt/lt^l 2 s niiEf^^n^o Pi®{c®mf^:^c*o^^ 

>28«, K^Ji^^l O^S^, ^-028^*, Klit;;^! Oi:i^fi,WMl 6HJ;0 

11 



wo 00/47308 



PCT/JPOO/00745 



^mi^^^^t-^^x^^o mix'it. KJt-^i ooz-^tci 4\z\t. mmmn 
10 ^tt^n, 2i!)mmmui s^nmvxi^^o t^^a. mmmui s-^m 
it6nr> mmis 2i)U-^rzi 4^mmnmi^xh^^^o ^tc. mn)^3 2(Dm 
\zm^^^x. immms 2^mmt^rcsb(Dummmmf)m\-fibnxt^\^\ 

^ y^y-3 9\t. mX^t. RJt^^l OOfp'bmiZ^mLXmWi^^^hX^^^ 
15 l/i. 

y^>\t. z-^Tzi 4\zmj$.-^nrcnmiii 4 a\z^r). e^^^i o<D\Hm\zmm 

20 7mw^^t^Rjts^i 0^. i}m*^m3 o\z^r}pjj^(D'U&^xmm-r^o c: 
m^(D^^mzmLrzm. mm.mm2 4^k). mm2 z^sctsmmtLximr^K 

25 wm^^t^ib'\i:xmitm^%^mA'r^ ;i tm^^i^^^c 

Rjt^mi omnrn'^KWuzum-^nxi^^^tztb. yx;n 2 s-^^ihrnm-^n^ 
^^m^i^'&zs^mm^ --^±ix(Dm-^^^^n.mzu-ox\^^^i)^. ^ y^y- 
3 9(D^m^mz^^'^kjmti\z^-ox. sicaM^b^Sckr^^i'&Jtj^^n^o 



12 



wo 00/47308 



PCT/JPOO/00745 



mUW^tLX\t5 0 r pm~ 173 r p m(7)IE@I(C bTfi < ::t-^^^^Vl\ 5 0 

mm^^Mt^tmi\z7F^t^'^\z^-^-5 2\z^K)mW)-^^^'^i^^-y h h 

m'tj'ti\z^oM.i^^nKmm2 2 tR}t^^(DrBvzw\^iiitmt^mi2^o mt 
tnft%W(Dn.mf}-^ ^ n^mz-^i^nx^^^^mit^mnfj^Tiimmz^ o -^-r < 

10 ^cco, m^j^^^o)mm*^M't:it\zfi^c ^rzM.wf)m^x$>^m'^s m 
W(D pH^y )vti V \zLxii< zt\z^K>. ib\zz.(Dm^iJ^^^om7t\tmn 
i)^7m'^\zm^r^o m\zn.wi)^7 )vti ^jx^^^^B^ziii^^x^t. imi^'^m'^ 
izLx^<z.tf)m^L\^\ ^^(DWMhmit-^ti^z.t\z^r)^ mm^^M 
w\zmmi^'pr<t<i^o zLn^omyt^mn^ ^m-^mmLtcT^mmt. ^mt 

15 mzmxnm2 2 tRjt^p^mi 2 s(Df^^±^hx^^<. Ti^izmM-^ntz'MTt 
\tmn\tmmx$>^w\nm2 2 tmmx$>^Ejit^^\H^2 2 s ofm^^mj^Lx. 
n^^m-^n^o mm\z^^^x\t. ;\a^ym^ ^>mi)^mn.it^&o\zm±m^ 
mx^j^-^n. 7Ki«#:tcMbTt/i^)i7cttt)K^M^b-r^c ^to-ij. mm 
0:^x\m^mmt^^itmmm^z^m-^n. ::(D^^mmf)m7tmn^Mmitt 

20 ^0 sfc. ^±\zm7tmn\t7mmzmm-^nx\^^f^< th. ^mn<D-^(D 
m7Lftmit\M.m^nib(DnM.m\zB^LrzmtmtEj^^Lx. ^mp^xmit^ 
mf)mtsz.t^:&^'^^o i^^-rnizLx^n.^itrnmoij-^^^mRjit^itm^mz 
mtsz.t\zu^o 

ii^mw(Dn%^Mf)mnt^\z'Dnx. m^ti.mm\zj;:^7mw(Dt&m^^itt 
^. nm^~^tLfcm^(Dy5f)^. ^f^t^iST.mmomm^^mB^zu^-^-^^x 
$)^o ^tz. ~^(Dnm^mmt^(o\Z'^^^tims.^=t=i^--t^z.t\z^K). 
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:$i^m(Dlji[^r\t. mm(Dmm^^\t. O. lmA/dm^~5 O O A/dm' 

dm' muomt^-kt <t^'Z^m^hy) . ^mti^i^m\tr 

5 ^0 nn^'^^t. 1 OmA/dm'~ 1 0 0 A/dm'T-^^e:^*^Mt::$?^t<, 

1 0 OmA/dm'~ 5 0 A/dm'-^'$>^;:<i:;0tS{I/«C*5^(f^bV^o tl^^S. mU 

mmmo^^tLxitb 0L/minij;TT$)§o mtt ^^^^%m\z^^^x 5 0 

siziii^^x. ^mm^^\rM^^^mt i o /7mnn.mm!!^-m ; 22/ 
mm-. 3 0 /nmmm : 3 9 /mw^ >^y-', 40 /Kit^mn 4 1 /wxm 
m: 4 2 /wxnmmm^ 4 a /mmmmm ; 4 4 /it^smgu ; 4 5 /asft 

; 4 6 /^WW ; 4 7 /7Kii#: ; 4 8 /JS^S§§l^^+BSI5 ; 4 9 /^Kffi ; 5 0 

20 /KjiKs^mi si/mnwrnwim-^i/^-yh; 5 2/'7y:^'-y hniisffl^-iS^ 

- ; 5 S/m^h-^- : 5 5/^m*t ; 1 0 0 0 jA^M ; 1 
0 3/il5iE3>"^W^>1t- ; 1 0 5/^{*ffl7^:7Al/«-i$^- ; 1 0 Q/BtiMWi 
Bt ; 1 0 7/^#:TO : 1 0 8/^{*-;^ffiI^fiiiA';V7' ; 1 0 9/^i$=l'ABm 
m-. 110 /~A&mm : 1 1 1 /Mi^gUfi- ; 1 1 2 /rjSi*P^/N*;u:^ ; 1 
25 1 4/m^m^ '. 1 1 5/7./^-f ^;VJdM ; 1 1 T/it-r UXiJ'-f^ffitf ; 1 

2 0 /\i-^--)PUmmif ', 1 2 1 /t-^S'-^#?fiJtS^ti5tt ; 12 4/^811 
|?§ ; 1 2 5/^WWXyX)V ; 1 3 0 /^^fx 0 ii^^^ifSS ; 1 3 1 /i^EE3>7' 

: 1 3 2/^^mn ; 1 3 3/S^7^Al^-i5' ; 1 3 4/lE:'3f^li5 
f t ; 13 5 /-:kBmW^)V-:f ; i 3 6 /i::;^ffi?jt|g§ ; i 3 7 /n'ABtjmB 
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It : 13 8 /^mmmii 1 3 9 /mmm^j'^)iy'' ; 1 4 0 /^mm^ : 1 4 1 
- ; 1 4 7/-]p^mmtf : 1 4 i e o/Ao^fwkti^:^ 

ymw^^^^ : 1 6 1 /i?xii7;i^:^ 'j7KM«r)ftSS ; i 6 2/7Kii«* 
5 ^.-16 7/7KJi«gi5^5' >i!7 : 1 7 0 /ii5ffi>i^>:/ffi^§l?5!£SS : l 7 l/iiEE^fs 
>7' : 17 A/J^h^V--^- ; 1 7 6/EE:tJi^g0ft ; 1 7 8/7Kji^SB}^/^bS 
I^gi5A';U-;^ ; 1 7 9 /ymwm Kim-. 18 0 /7K^^ijiS«i^a5tf : 1 8 1 /7K 

mi^m&mmn)v^ ; i s 2 /7]<i«f*i5its§ ; 2 0 1 /k^^^t^^ 202/K 

^t^§§Pg|5 ; 2 0 3/R;£;§i±a5M ; 2 0 4/WXmm ; 2 0 5/#AMf^^« 
10 ti: 2 0 6 /€^t-^-; 2 0 7/1t<>JXi5'-l/i^l/-^5'- ; ZOS/RHts 

^^ummf ; 2 0 9/sj^^§ii^M^^fii5ft ; 2 1 ; 2 12 /mm 
mm ; 2 1 3/*fAmMatt^ ; 2 1 4/mmmnm ; 2 1 5/E«jii ; 2 1 
6/s^gg^M«ft ; 2 1 7/OT$iJ^^Pffl^iE^±§p : 2 1 

J£^ym ; 2 2 0/^S^#:S^S§iliJP : 2 2 3 /K}t-^J£timm ; 2 2 4/ 
15 S^tFggEEltlfSSSAJl^-^; 2 2 6 ; 2 2 7 /xSX^-: 2 2 8/?^ 
A^JU^^ ; 2 2 9 /^ffiMIt ; 2 3 0 /^m^M^BtimmWr : 2 3 1 
/^?^5^gl§§ffi:^PiiiA*;i/7' ; 2 3 2 /mmmmmm : 2 3 3 / p Hf^giStl- ; 
2 3 4/^3l7KJ^«8§ ; 2 3 5 /mmTi^mWBM^ >^ ; 2 4 0/^>h : 2 

4 1 /T^iUi^m D m ui5?!ss ; 2 4 2 /7Kjif*?^« ; 2 4 3 /mmmmn)v^ 

20 2 4 4/7K^i^v1K5§ ; 

*^BJH*5ViTjKJE&ii#:<i:J^cS7KWliPlii5'>^ 1 6 7T^e*^CJ6P^$ 

n^o i)iMi$^>^ 1 6 7 7K-^»^n^y\ay>fbti. ^v^f^iJi^SJ'ck-:? 
Tffli^?)n^pHiiiSffl(ois, 7;i':^U7'j:£^i, y-r>i6o. lei. i,6 2 

25 7K. 7KIIJim^53'^M3®7j<^^fet.(^iTt)ctVio 7K^^*:tt^"f APy^-frt^^i^ 
X\tmm^>^ 1 6 7 07j<ii^*:<^pH^7;i':^7U?:-^iP-r^^^t'J:oT7. 5 
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~ 1 3(Dm\zmmLxm<:itmf^L\^K mmt^n.w*^7)vt} ui4t$)?. 

«:<£rjlDiE-r^fc:Je). ^#:^$ifAbfc7^ AW-iJ'- 1 7 4 ^IriStt^ CI <i: lick 0 , 

10 t^y7'(Dj£ti^W}^Mr^^t^^'^mx$)K). /^)v^i 7 axi^mt^Btimm 
f}^-^mtu^. :L(D-f^>'f(oMmm^~^(Dj£t}\zLx^<'B^mtmm 

15 ~^(DBt\zmnLxiii)-^tii\^^t^m^^7r^t^tti^^^o ^ummmi so\t 
u-^- 1 0 5 \z~'Ai^Wi-^n^o 7^ hv-^- 1 0 5 \z\-m.-h-^Ly-^'-tim 

uy':tvv^- 1 0 3 75^f^»ib> ;^iSffi:tn- BMP o.xzfs.^h'^^'t^vm-^is^ 
ttT43< C<i:7!>^*i!f ^bVi, ^ICTi^Alz-^S' - 1 0 5 <7)1E;': ^rS^E^lE;': + IMP 

25 Q.--K^sB%^ Q.(Dm,mzfs.'!t>^o\z^%mm^z.htim-^\^^^. m# 

11. $ ^,t;:gfE^ 1 0 7 ^:fM>TA*JU:/l 0 8 {c43ViTSJSffi;'3+ 0 . 5MPa^ 
A*;i/7*ibTti, «^3i^C^/tti0 1 n^LT*^ct-5icjE:^]-t>-y— 1 10 ^ig 
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nX-^n^o MmWi^l 1 1 ©•fe>+h-i:tT«:tU 7-1';^ feck V^b, -7 

Jiffi;'3i^liift 1 3 4^^0)7 1 3 3 td-^^StlS^ n^. T^Al^- 

iJ'-l 3 3H«JE;':-t>1f-A^*^1i$nT:l3 0, Ti' A^-:$'-l^(^ffi:'3 7!>^ii^>K 
15 lUF aUT\Ztii^t. ny-fUy-^^i 3 Iti'^f^Wlb. KJt-}£t!+3 

MP a\Zti^tW±t^Um^*^\-yx^< Ztf)m^L\^\ n\Z7PAU-^- 
1 3 3(Dmtl^KJit^BtJ+ IMP a~;K^E;ffi:':+ 3 MP a (DtSHfcT'j:^ ct ■$> Id g 
W}Umt^:ztf}m^l^^\ MB^%^t. iblz/iJV:/ 1 3 5\z^\^^x R^-J£ti 
+ 0. 5MP aifiSfcMffisn^. zcDmBz-^JV:^! 3 s^it-^&mm/'^Jizrx 

>^-i 3 7 ^mirx^n.wmm/'^)vzfyj^x^^\^\ \.^i'n<D:^m\zbxt 
n)vfi 3 9 (D~'Am^^'^\z-^s.ti\ztii^^o\z't^:itf)m^L\^\ m^i 
3 5 \zi5\^^x-'Mj£\zmn-^nx\^^^%mmmmm/'^)v^ 1 3 ^(Dwmxm^ 
mmK^^^n\zwx-^Mo mmmmnfi 3 8(D-^>-^-tvx\t^^)y ^ 7.^ 

25 xhX^^b. •7;^7a-zi>hP-^-Tfecti^o :$-^m\zii^^x^\zmMmm 

\zmm^no:iti)m^b\,\ -'^(DmmxRft^^\znx-^nu\^^t. mitrnt)'^ 
otts. $e>ii, 7mn.MKJt^^xmitmf)^^^-t^t. mmtt^-ox^^^^Rst 
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6(Dmt}^'^\z~^\zumLxii< z.ttm^x:^^, '^mmm/t)i':f^i^mv 
5 fz^mt^.^m^ 1 4 1 T^i^^n, m^^jxji 1 2 5 icjf A^n^c 

mmiz^i^^x. n.i^(Dmmi)^s oNL/min&,±x$>^t. m@f^\z^w.w 
m<tiK). ^^m\zmmm(Dn^i&m^'^<t^'o. Fj^M<Dmm^mm-^-^^<D\z 

f^sMi^. /\u^'>m^:ty\mmtLxi^m't^rctb. mmmt^7i^mi^<Dmmm 
m^'M\z^>r^i\ a-^i^^-^h^o t. m7u^m(om.i\:R^^\z^r)yi^t. ^m:ff7. 
m^^^^-t^fzib. 7\i\tKjts^(Dfpxm^^m\^\z$)^o tii^. tk^i^cdph^ 

15 \rM7ti±mnf)mM-t^^-ft\tmmKmmnr^(D\zm^mtLx\^^<(Dx. 
{i^mm^'^r) mL^^7mw^Kmmzm^r^z.t-^m^L\^^o 7mw- 
(Dm^iiiutRji^m(DTWzm\'^x^^m^2 4 i7&^e.fT-5c ^(Dm^'^^<Dik 
mitmnufu 1 exn^. tutD^. Kj^^n(Dmmi)^M<t.i.-DX<^t. m 
&:mmmy'^)V':^2 4 3^m\zyj\^\zj^W}L. mmKj^^m^^7mwt:m^mto 

20 fsiii. Mu<D7i^mmmm/'^)v^2 4 3\zmt^t. /•^)i':ro)iy-)i^^(DMm 

2 4 3(D^m\znn^z.tf)m^vi^^o tj.^. ^k^xj^mm^t^pu^^ox 2 4 2 
(Dn^m^^t^^x-i-^xi^^o m%t^7mmtKii^s^(D±m^izwx-^n. 
wxmmtRjtmm^±-^iyXtrz7m^tm'^LxwAnm(D4 1 o^m^T 
25 mizmtso z.(Drzi^wxmm(Dm^tbxEnwh(Df)m^L\^\ u-ox. 7j< 
mi^(DR!!t-mp^xo^ntLx. nm(DM\\zid^^x±^v. %m<D^m\z^\^^ 
xmt^mn^^mf^-^n^o z.(Dmn^<k'om^if^'&^o\zf^wm4 nzm 

ji $ ■& ^ (7) t) ^^/ji^ffiT ^ . 
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fm%j£^ DO. 0 1 - 5MP &M0}£timmzc(Dj£tjmmi2 2 3 
m^^ii^^t. K}^sm4 op^(D7mmm^L. ±m(Dymn.-^m^2 2oizx 

EEJ:DO. OOIMP a~ 1 MP aiftVi|BffllII^KbT^< ::i/&WSbV^. M 

t^^:^^o(Dxm^^^m^^^nj£hx^i^rcyji}mm\z7mi^(D^k^mL^^ 

\mmmm^o. 0 1 v o 1 %&.±tu^^o\zn^Lxn< ctm^vi^^c 
25 mmmmzmmmmm&<t£^t. 7mn%^mEji^^^x7m(D^^f)^Mv<m 
pi^o tut>%7mM%^mEm\t. nm-^^nx-^nftmitnmmnmiz^^ 

7mmirit}^7mi37.tLx^^-t^o z(D7m^7.<Dm±^m^n^(D\z\t7\im 
m^^mRj!t^m\zj^m^-^^m^^t^'^-'mm^$>^o iisra, ^j£tU':>x\^^^7\(. 
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tts%m^^^&^K'::>mm\zmm-^n^o 

^mm\tmmKi^tti^^m^izm'v$>^m'^\z^^^Tm\z^^j}'v^^o B^t 
10 bx\t5 0 L/m i n&.±<Dn.i^mm^mMt^m'^\zid\,^xmz^^x$>^o 
7\^u^. ^m, ^W(DBxmmRxsmm\m2<Dmmmmmmx$>^o mtj:^ 

^. -rt^t)-^. :km(D%i^^^mLxot^m^\z^^^x\t. ^^^um 

15 -1^-2 0 eos^f-xtmr^t. R}t^ii^mzmmt^<D\z^\^^mr^^m-r^z.t 
izfji^. Lrci!)^-DX. ms\z^srmm<Dmm\zii^^x\t. ^mm^WRzsmmi 
^mt. ^ti^n, m^Wk^i 1 4:sLrsi 4 i^mrnvx^u^ Lib ibntc^. 
tmmmi 1 iisixsi 4 3\z^oxtm-^n^o t^.^. tmsmmo^fmmt, let 
^^n^nzi-^ jvmzLx (iis, 142) , mm'^^^^^^^tf)m^L 

-120/121 Rtl^ 147/14 8 lCJ;oTffiiJ^LT. MSr^iJ^eir^ H <i:55^ 

^0 ^-r^^i^zs^^mm-^ntzmmx. m-^yxjvi 2 5^^LxKjit^^2 
0 2\zmx'^n^o m^yXMzmLx. ^mmxnmzm'^^m^-r^hcDx 
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m^x$>^m'^\z^^^x\t. 7mw^M&i^\zLx^< ts Mit^K>mmt^ 
:it\zfji^o m\z^w^m^^x$>^m^\zid\^^x\t. 7mw^mmzLxi6< 

t. M\t.kr)mi]nt^z.t\zU^c Z(D^o\Zs ::<DMS\z9riLxh^R^^^ 

x\t. %mz^i^nx^^^M7t\if^n^7mmz^^'^^^^ti)m^fj.7.7'y 
ii:^rcib\zBnm(Dmxnm2 0 4(DnwzmBmn<D^^M2 0 5 ^wxvx 

^^(D'^7t^mn(D7mw^^(ommt^M^n^o 7i(.mmzM-^nft^w^ 
0M7m^n\twAnm<Dp^M^±^i^^ •o^^xwxnm(DM\^7i^^W(Dmn 
\z^-oxmLx^^<c mjt^mi}m^-^nrc%w:^xs^%<D-mtm^r^t 
icj;-r)T±#b, mf^2 2 o^^bxRitsm^^mia-^n^o ^<o~i5. 
\z^^nx\^^^m%^m%\t. tmt^mMxmmtf^-ox\^^^K^^^2 02© 
nm.tmxn.m2 0 A(Dmxmn-^^7mM%'>^mm.\\:\z^'ox^.mt^^^\zu 
m-fb^n^o z.(D^o\zn%^t^^]^stimnr^Km^\z\t. mifm\z%m^^ 

fii*-r, ^mmzm^-t^n^i^^^<^^^^^tti^^m^'^^^'> 

■^\zifmmz^^^x\t. 7mw^\z^'^^k:b^\u^'y\m'i ^>\zra.x. ^ 
\^^•x^n}lU^^t^'^x. ^m^-^y^m\^^^^thx^^o bp-^, *^bjm 
(Dmm\zio\^x\t. im^^y^^ts7mm^^^^tifzU]^-^^\zi^^^x. 1 
0 ox:^M.X7mw(DW.^^mxr(Di'^m\zii\^^x. w\U7mmmm^mm 
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^r^^t^^Witt^. 7mnn.^M\z^-:3x. mTLimm^^t^^w^mm 
^KDB^Tm^^^i^n^^m^-tyit. 2 5 ^mm^w: (pk) -^^3. 

10 ^^m^mnt^iz-Dnx. ^mt^^^*^$>^fi^^x^^o 

mm^^^^>tbx\t. mx\t. ;\uy>im^-t>. ^m^t> (so 
/-) > mm^^> (NO3-) , u>m^^> (po/-) iim^fibn^o ^m^m 
-i^ytLx^t. mxit> h u 7;i'^PM'r^> (cFjCoo-) ^•^m^f'^ 

x\t. ^mm^^>tth\zm^mj$.Lx^x^\ 

:^^Bmzi^^7mmn.M'^\z^^:^7.mmy5m:si.'ts-^7.^mmm\z^^^x\t. 
Kft^mi^x$>^7mi^^\zmn^(Dm^^ti^'^^^t\z^^x. 7mmn.^m 
20 Kjtsmz^n^nm^mm^Mnm\zmi^-^^x. 7mmn.^msift:-^o)^mm 

7\imw^\zmn^(Di&^^t^^^ Ti^mn^^MKjit^^iz^n^i^ 
m(Dm®t:^^0mut(Dmz. 7\^-si.umm.\kn'f-^^ts7mi¥mtm-r^^t 
\zu^. ^Lx. :^^(Dmmt:^^(Dmmt<DfBvz\s.mn!£^w'^-r^t. mm 
25 (Di^miz^-ox. Wi'^ <Dmn\±n^\zii\^^x. :^^(DmM\z\^^^rc^mf}mmt 

*(Dit@t> m^<Dm^\^m-(Dmw.t\^xi(^m'^^^nt(Dmz. mfm\zn 
m.f)m^^z.t\zuy). ^tz. ^m(DmmtmmmkT<DmmtLxi^mt^^ 
wt(Dm\zhm^mznm-^mn^z.t\zti^, ^\z. mm. r.-zxDmn^n 
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(D^v\zii^<Dmn]^n^(DWzmiri-f. m^izmwLVxi^^^^'^omm^n 
5 "f-omizh. $>^mnmi'?-<Dmmmmt. m(ommmiL=?-(Dmm^mt(DWz 
mK\zmwif)^Mti^tmt>n^o 

L(D^^\z. 7iimW'^\zmn\^n^f)^^tEt^m^\z\t. 7K^#4'ic^«m 
^i^^^tELu^^m-^t^^x. ^M(Dmmt:^^<D^mtom\zmn^nm^^i^ 
jDb, i)^-D. :/^5i^0mmt^^(Dmmt(D%^(Dn&^^mm-t^^t\zti.^o 

\zmmt^ zi t^^x^. 7i^mm%^Mmm(D^mmti^zs\zmM9m^i^^\z\^ 

7Kmw^\zmm^(Dm^^'^'^'^^i5^t\yX\t. m^m2\z7sk-ry^mn.% 

Lm^2 4 i\z^^ ^n>m(Dn^^m^ mm^-r) ^ibslt, s^tB^n 
rziKm^^\z^^n^mm^n^^m^ii!i-rct:^m^L^^o m^^m-^ntzmn 
Mi^tt, nx^7\(.mi^mM^ y i e ? tt^ti^M^i-^ z. t^^xt^, 

^tz. mn^u^o^^M-^^m-km^z^^ . 'im^omitmmf^^^j^vx^^^xhs 
^f"ti^tLxmn^x$>nit. mn^n'f'X$>^o 
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mn^xitmn^xu\^^mnif^i^o)mmi)mm\imitmx^mLx\^^^w.^ 
^m.^. ~m\:'tr-(m')^i'(Dmmi)mit)VT-=-'y2^xmm-^nx\,^^m'7-fy^mi 
^\z. ^fj^M^^ts^j'^-(D^m\z^mx\tmn\tm^tmf)^^m-^rix\f^^m 
15 it)V'T=.'yi^x^m-^nx\f^^w.^x$)^o 

20 ^m.xn.mmM^t\zu^. mm.'&Lm-\t. ^kd^ou^^x. mm^ u-k 
i-5t)©^MVii#TcbTt)j:vib. ^t^mz'k^xh^ho^^mmi^x-h^ 
{is.\^mx\z-^^m'^\z\t. n7.vm\z\tm.m. j)\y^zL^j^muEf)m'^\^ 
mm-t ^M'^\z\t. w:fti4t{inT43D, Mn^'^^^znm^m.ntzm'^ 

25 mmt^^'^x\t. mn^n=f'mn'^w-h^^m^^nx\^^^^'^<DMn, 
ftifeiK. x\t. mn.'^tL=f'(DnMtimn.'&mnxmw.^nx\^^^m'^omn.'&m 
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5 n^>?'i7A, ;l/^-'^A, a^.h-l' 'J v'^At(0-&^<&^^^i-r^tj(D;{;W^ 

10 S«tt3|Ji^(7)-+^«, IlSi:IS<i<!:CDrBl|!i<J;D t)®V^:i^?5W^bVi„ 

lmm^T-/)^m.\Zt£mf^\^<^ 0. 5mmjaJlT;<)^'Mlc:fcJ:*5^!f ^bV^c M^if. 

mn.^ni'^mm^^. nm-^o^m-^izi-i. wxitn<DmmizM-^ ^^-^ . w^s 

mn^^ I tLrzt^<D^(D-Bi-^\t, O. 1~1 O O OT^S:it75^^ff*b<, 0. 

20 0. imm%w.±omn\ii^i'f)^^'^'t^zt^^^\zumj^L\f^o mm^n'f- 

-C(7)^*fiT«)-5c mn\iW.^^t'j(^-''f Lhm-\z^^Lxfs. 
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5 >5 0ppm (^^A*^>x) (DWt^n.i^'&^mbrco m^^i^(Dmm\to. 5 

L/min, iS^k^iJS^^iSiJ* D < 0 . 5L/mini:Ufeo ymi^tbX 
m^O. 5w t %N aC \ ym^^M^^tzo ^fzymi^O) ^ Hit. NaOH<£^ 
iMLXpHl Olzm^Vfzo 7mi^<onxm\tlmL/m i n\zn^bfto Kit- 

10 &t^m^<oum.\zmmmzi 2 A(Dmmmm^KW^^ti^xm®izmnt'i^rc. 
R^s^:^w^mm. wxnm^m®tLrco ^'^im\zuorzm(Dm^^(Di^ 

15 ^mi^t^^<Dx\tts.\^. 

m 2 \Z7i^-ti^m%%^mRi^-nwxm.\\:is^n 5 0 p pmS.Z^p^5";i/;^;l/*y^ 

>5 0ppm {^mnyyT.) <Dm^%w^^mLfzo m,'t%W(Dmm\tQ . 5 

L/m i mtn'&%OUm^n\: < 0. 5 L/m i n ii^^WthX 
20 JiSO. 5w t %N a C 1 7K^^*fflVifc. ^/t7Kii#:©pHJi, N aOHS:^ 
jDLTpH 1 0 (CifiS^Lrc. 7Y.mWonX^\t\mh/m\ n\zm'^htzo Kits 

£tl^^m^(D^MLm\zmmmz 1 2 A0iIrjftmz!f.^-KlSSi<i:#Am^l'ffim^^fc. 

;KirN§52^^^it«i. wxnm^mmtLrzo ^"^'^mzts.-DtzmcDmm^i^om 
25 ^t7\^mRzS}^9-)v^)vti-:^^>0mmt:mw.'^xm^rzt:z^. mist^iDv 
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3 . mE7Kmmzmitm^^^'ii:^xn^^\z^t^$mm i xit 2 \zb 
10 m.(D:^mo 

4. mmimtLT. mmm%i^^(Dmm^m^^m^^m3\zfim(Dyj 

5. mBm<mtLx. ^^^Km^\zMxmm^3\ztmMmo 

6. w]mm7t'i^m^^i5mmm%w^m^x$>io . mm7mmzT)vti 
15 u ^mtar^xm^miz^t^m^m 1 ~ 5 m^rti*^\z$im(D:^m. 

7. mnm7L'\^mn^^mmmn.w-f)mm^x$>Ki. mtiy^mw\zm^ 

8. ^m^-t>^^ti7mw*^%m-^nrcK^^^^\z^\,^x. ioo°cj^a 
±x7mi^(Dm^umwr(Dum\z:iri\^^x. mti7mi^-^mn^im-t^}£t}(D 

20 T, m7^\^mm^^t^w.mmmw^w<^^Lu■f)^^. ^K}ts^^\zw.mmm^im 
-r^:it^^mt-r^. 7Kmm^m^\z^-DX. mTt^m^-^ts^i^^m^r 

9. mwmit'=p\z^^ti^m7z^m^mt\zmii-^^. 
wtLx^^^LxsMj^m 1 ~ 8 (Di^rtii)^\zmm.(D:;ijm\z^r)^i^-r^ ^ t 

■ 1 1. Kf^^^xmmLrzm(D7mi^i}^i^mmi±n^^^m-r^i:n^m\z^ 
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12. 7mM%^Miz^^x. m7t^m^^t^n.w^^m-t^rc^(Dm 
5 Wi^tt^mWo 

10 15. mim^Kits^^\zm'X-r^rcid(D^^k^'^\zMmt^tmmi 2 

ifjl^^l 5 HlBKcDgfio 
15 HlcWT^itJt^iSi 2~l 6 (Di^-fM^lztEmo^mWo 

1 9. 'S1i>OtRji5?l^®Ji^1;'^T$)^W3l<JMl 2~ 1 8 (Dl^Tn^O^lCfB^tDg 

Bo 

20 2 0. Rtlfl^(D@S(Dl^gMC^±K5^J*«^«$nT(/iSlt5)^Ii 1 9 HIEatD 

2 1. mni^mm^^. mm. mm. y^yiyu>'^(Dm^(D±y^!77.M 
2 2. 7mi^^\zmn.']i(Di&=?-^m^^-r^mrmm^M:m-r^tmmi 2~ 

25 2 1 CDV^Ttl/O^mB^CDggo 

2 3. ^jt-m-i!^m-^nrz7mw^^'^'^m^(omT^^Mt^rcib(D^m'^ 
2 4. m^^m^mfimw^^ !7a>^^tsm'^m2 3\zfd.m(Dmmo 

2 5. H^itB^^SM7i>^*7^;^^$'^^^^t^W^l<^2 3 tclB^^i^B. 
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